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The contact interaction between a NICrBSIiC self-fluxing eutectic alloy and hot-pressed
0—AIB,, aluminium dodecaboride ceramics has been investigated by the sessile drop method in
vacuum at a temperature of 1823 K. The wetting kinetics was studied, and contact angles in
this system were determined. It was found that the self-fluxing alloy wets the AIB,, ceramics
with the formation of the contact angle 6 = 35—40 deg, and in this case the interaction occurs
due to the dissolution of the ceramics along the grain boundaries. The processes of diffusion
of B and Al from the ceramic substrate into the NiCrBSiC drop are initiated, leading to a
change in the chemical composition of the drop. Thus, according to the criterion of the contact
angle and due to the intense nature of the interphase interaction in the "self-fluxing alloy—
AlB,," system, the use of the technology of liquid-phase sintering in the development of
composite powder materials for wear-resistant thermal coatings is undesirable.

Keywords: self-fluxing alloy, aluminium dodecaboride ceramics, wetting, contact
angle, interfacial zone, metal-ceramic material.

Oco6umBocri komrakTHOI B3aemopii y cumcremi AIB,NiCrBSiC. 0.€.Tepenmocs,
O.I1.Ymancvruii, B.II.Konosean, B.5.Mypamos, M.C.Cmoposcenro, O.O.Bacinves

Hocmimkeno KOHTAKTHY B3a€MOJiI0 MiK caMO(UIIOCIBHUM €BTEKTUYHUM CIIJIaBOM Ha Hike-
nesiti ocuosi NiCrBSiC (Colmonoy) i rapsuenpecoBaHoio KepamMikoo 3 Hoaexkabopuy aaomi-
mito a-AlB,, y Bakyymi mpu Temmeparypi 1828 K. Hocmimxeno kimeTury i BusHaueHo
KpalioBi KyTH 3MOUYBaHHA y 1ill cucremi. Buasneno, mo camModiiociBHUI cnjaB 3Mouye
AIB,, 3 yTBOpeHHAM KOHTaKTHOro KyTa 0 = 85—40 rpas. BeraHoBieHo, 1Mo Ipy ObOMY KOH-
TAKTHA B3a€MOMisl 3MiMCHIOETHCH IJISXOM PO3UMHEHHS KepaMiKu 3a MeXKaMu 3epeH. BurHwu-
KaioTh mpolecu audysii B i Al 3 migkaagkm y xpamaio, mo IpU3BOAUTEL A0 3MiHM XiMiuHOTO
crygany. TakmM UMHOM, 3a KPUTEPieM KOHTAKTHOTO KYTa 3MOUYBAHHSA i 3 oryiagy Ha ToOi
daxT, mo Mimdasny BzaemMogio y cuctemi "camodmiocipanit cmnar-AlB,," HocuTs sHauHM
XapaKkTep, 3aCTOCYBAHHS TeXHOJOTII pigkodasHoro cnikaHHS IPM CTBOPEHHI KOMMOO3UIIHHO-
TO TIOPOIITKOBOTO MAaTepiany AJsS 3HOCOCTIHKMX rasoTepMiuHMX MOKPUTTIB Hebarkawmo. Binbmt
TMEPCUEKTUBHOI0 € TEXHOJOTiA KOHTVIOMEPYBAHHA HA PIAKUX CHOMYUHUX.

UccnegoBaHo KOHTAKTHOE B3aMMOLEMCTBrE MEXIY CaMODIIOCYIOIIUMCH 9BTEKTHUUECKIM
cimaom Ha HukeseBoil ocuoBe NiCrBSiC (Colmonoy) m ropsauyenpeccoBanuoill KepaMuKoil us
nogexabopuga amomuausa 0—AlB,, B Bakyyme npu Temnepatype 1828 K. HccrezoBana KuHe-
THKA U OUPEe[eNeHbl KpaeBble YrJbl CMAYUBAHUA B 9TOH cucrteMe. BbisiBieHo, uTo camoduiio-
cyromuiica cmras cmaumsaer AlBy, ¢ obpasoBammem KoHTakTHOro yraa 0 = 35-40 rpan.
VceraHOBIEHO, UTO IPU 9TOM KOHTAKTHOE B3aMMOAEHCTBUE OCYIeCTBIAETCH IIyTEeM DacTBOpe-
HUS KepaMUKHU [0 I'PaHUIlaM 3epeH. BosHukramotr mnporecchbl auddysun B u Al us mognomxgnu
B KaIlJIIO, YTO IPUBOAUT K M3MEHEHUIO XUMUYECKoro cocrapa. Takum o6pasom, 110 KPUTEPUIO
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KOHTAKTHOTO yIJla CMauYMBAHUA U YUYUTHIBAA TOT (PaKT, UTO MerK(aszHoe B3amMO/eiicTBUE B
cucreme " camo(aiocyomuiica cmmas—AlB,," HocuT sHauMTenbHBIE XapaxTep, NPHMeHeHUe
TEeXHOJOTUN KUAKO(PABHOTO CIEKAHUA TPU CO3TAaHUN KOMTIOSUIMOHHOTO MOPONIKOBOTO MaTe-
puasa AJsS M3HOCOCTOMKUX rasoTEPMUUECKUX MOKPBITUIT HeKenaTenhbHo. Bosiee TepCIeKTUB-
HOM SABJSAETCA TEXHOJOTUS KOHTJIOMEePUPOBAHUSA HA KUJKMUX CBA3YIONUX.

1. Introduction

Protective thermal-sprayed coatings ob-
tained from composite metal-ceramic pow-
der materials are widely used in the air-
craft, oil and gas, machine-building and
many other industries due to their high
wear resistance and corrosion resistance.
Metal-ceramic coatings have excellent per-
formance due to the combination of a rela-
tively ductile metal-based matrix with hard
ceramic reinforcements, such as refractory
borides and carbides [1-4]. In this connec-
tion, the development of metal-ceramic mate-
rials for wear-resistant coatings is an urgent
and important issue in Materials Science.

The use of NIiCrSiBC self-fluxing eutectic
alloys as matrix materials when creating
new cermet coatings is advisable, since they
have a relatively low melting point (1323—
1353 K) and allow varying the hardness in
wide ranges (from 90 HRB up to 62 HRC)
by changing the ratio of the components in
the chemical composition. Several studies
have investigated the microstructure and
wear performance of NiICrBSiC-based coat-
ings with WC, TiC, TiB,, CrB, reinforce-
ments [5-10].

In recent years, aluminium dodecaboride
AlB4, has attracted attention in the develop-
ment of composite materials. It has a high
microhardness (up to 34 GPa), a high melt-
ing point (2436-2487 K), good radiation
stability and a small specific weight (2.5—
2.6 g/cm3). The AIB;,-based composite ce-
ramics exhibits high hardness, fracture
toughness, flexural and compressive
strengths [11-14] and are promising for
using in the nuclear power, aircraft, and
rocket industries and defence technology.
The use of AIBy; can be extended into the
field of wear-resistant coatings as a rein-
forcement for composite powder materials
based on NiCrBSiC.

The method of liquid-phase sintering in a
vacuum with subsequent crushing is promis-
ing to fabricate the composite powder mate-
rials for thermal sprayed coatings. The
processes of wetting and contact interaction
during sintering provide a strong cohesive
bond between the particles of hardening ad-
ditives and the matrix alloy [15-17]. This
increased cohesion reduces the flaking of
the reinforcing particles during machining
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and operation of the coatings and, conse-
quently, elevates functional characteristics
of the coating. Thus, in this method of com-
posite powders production, the processes of
contact interaction between the metal alloys
and refractory compounds define the structure
and properties of the coatings. Therefore, the
components of new composite materials should
be selected taking into account their wetting
properties. In this case, it is possible to man-
age the structural and phase composition of
coatings and to obtain surfaces with the re-
quired operational properties.

The aim of the present work is to inves-
tigate the contact interaction of a NiCrBSiC
self-fluxing eutectic alloy with aluminium
dodecaboride AlB, by a sessile drop method
in a vacuum environment at temperatures
up to 1823 K.

2. Experimental

In this study, a—AIB,, samples were syn-
thesized from hexagonal boron nitride and
aluminium by hot-pressing (under the pres-
sure of 2 GPa and 1473-1673 K temperature
range), in the form of plates with a diameter
of 9 mm and a thickness of 5 mm [14]. To
improve the spreading of the alloy, the sur-
face of plates was ground and degreased.

As a self-fluxing eutectic alloy, we used
a commercial powder ("Polema” JSC, Russia)
of the following composition (wt. %): 16 Cr,
2.7 B, 8.2 Si, 0.75 C, <b Fe, and the rest was
Ni. Powder samples weighing 0.5-1 g were
alloyed in alundum crucibles at a temperature
of 1323-1373 K in an SNO-1,6.2,5.1/12,5
electric furnace to obtain ingots.

The wetting kinetics was studied, and the
contact angle was determined by the sessile
drop method in a vacuum of 1.833-1073 Pa at
temperatures up to 1723 K [18]. The wetting
process was carried out for 20-45 min until
the contact angle 6 reached the steady-state
value. The wetting kinetics was registered by
photographing a drop, and contact angles were
determined from the photographs.

Electron probe microanalysis (EPMA)
was carried out on a JEOL JAMP 9500 mi-
croanalyzer and the phase and chemical
composition, distribution and content of ele-
ments in each phase in the zone of contact
interaction of the refractory substrate and
the alloy were determined.
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3. Results and discussion

An analysis of the results of studying
the contact interaction shows that the in-
itial contact angle 6 in the AIB;,—NiCrBSiC
system is equal to 135 deg. With an in-
crease in the holding time, its value de-
creases. In the temperature range 1523-—
1573 K, contact melting occurs at the
"metal alloy — refractory compound” inter-
face. The traditional drop does not form,
the metallic alloy retains a domical shape,
and its melting occurs on the side of the
refractory compound. Apparently, this is
due to the heterophase structure of the drop
of the NICrBSIiC self-fluxing alloy. At low
rates of heating and melting of the alloy,
grains of borides and chromium carbides
occur in it [19, 20], forming a framework
typical of cermets. The alloy transforms
into a composite in which the solid-phase
component of the framework partially com-
pensates gravitational forces and prevents
the subsequent spreading of the drop.
Forces that arise from the wetting of solid-
phase inclusions inside the drop by the melt
also prevent the spreading of the liquid
phase. A slight decrease in the drop volume
(shape retention) is probably due to the in-
filtration of the AIB, substrate by the
alloy. In the temperature range 1723-
1773 K, the metallic alloy spreads forming
a drop with contact angles 6 = 70-80 deg.
Upon holding at this temperature, the tradi-
tional spreading does not take place, and
the drop gradually decreases in size,
whereas its shape and contact angles change
stepwise. After the subsequent temperature
increase up to 1823 K and holding for 10 min,
the drop finally forms, and the final contact angles
are 6 = 35-40 deg (Fig. 1).

To perform microstructural, phase and
chemical analyses of the interaction zone
of the "metallic alloy-refractory compound”,
the sample was cross-sectioned and polished.
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Fig. 1. Wetting kinetics of aluminum dode-
caboride AIB;, by the NiCrBSiC alloy.

The microstructure of the drop, the
phase composition and distribution of ele-
ments are presented in Fig. 2, Fig. 3 and
Table 1. The phase and chemical composi-
tion of the NICrBSiC drop upon wetting the
refractory compounds in the temperature
range 1273-1373 K have been thoroughly
studied and presented in [15, 19-21]. The
microstructure and phase composition of a
drop obtained in the temperature range
1773-1823 K somewhat differ. Along with
grains of complex chromium carboboride of
the initial alloy (Fig. 2b, spectruml and
Table 1), B,C—-Al areas with increased con-
tents of boron, carbon, and aluminium (Fig.
2b and Table 1, spectrum 2) and a size of
100—-800 um appeared in the matrix of the
drop. Inside these areas, rounded inclusions
of complex chromium carboboride are homo-
geneously distributed, the chemical compo-
sition of which is close to the composition
of grains of the initial alloy.

The metallic matrix consists of several
phases of different chemical compositions.
The dominant grey phase is the Ni—-Fe—-B-C
alloy of a complex composition (Fig. 2b and
Table 1, spectrum 3). The second lighter
phase (Fig. 8a and Table 1, spectrum 4) is

Table 1. Chemical and phase composition of a drop of the NiCrBSiC alloy formed on the surface

of the AIB;, substrate

Spectrum Chemical composition, at. % Phase
B C 0 Al Si cr Ni Fe | composition

1 60.16 7.76 0.00 0.13 0.00 31.34 0.62 0.00 CrB,—C

2 85.29 11.24 0.00 3.04 0.09 0.11 0.24 0.00 B,C-Al

3 39.88 4.05 0.33 0.09 0.00 1.17 44.16 10.32 NiFeBC

4 18.92 3.63 0.14 0.67 11.46 0.03 64.62 0.52 NiBSiC

5 21.42 4.82 0.46 7.49 3.49 0.10 62.06 0.16 NiBSiC-Al
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NiLa1_2

30pum Al Ka1 9 30pm 0O Ka1 h)
Fig. 3. Phase composition and distribution of chemical elements of a drop of the NiCrBSiC alloy: a)

general view; b) Cr; ¢) Ni; d) Fe; e) Si; f) B; g) Al; h) O.

the Ni——B-Si—C alloy. The third Ni-B-Si-C The diffusion of Al and B from the sub-
phase, which is also light grey, contains up strate into the drop indicates that upon
to 10 % Al (NiBSIC-Al) (Fig. 3a and Table 1, heating to T = 1828 K, the chemical inter-
spectrum 5). action between the NICrBSiC alloy and alu-
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Fig. 4. Structure and distribution of chemical elements in the transition zone of the AlB,,—NiCrBSiC
system: a) general view; b) Al; ¢) B; d) Ni; ) Cr; £) Si; g) O; h) Fe.

minium dodecaboride AlB{, occurs with the
formation of new compounds B,C—-Al and NiB-
SiC-Al. The results of the analysis of struec-
ture, phase composition and distribution of
chemical elements in the transition zone (Fig.
4, Fig. 5 and Table 2) confirm this fact.

The results suggest that upon heating
and holding in the temperature range 1773~
1823 K, several processes take place in the
AIB,—NiCrBSiC system. The AIB;, ceramics
loses aluminium in the transition =zone
(Figs. 4b, 4c, Fig. ba and Table 2, spectrum
1), dissolves along grain boundaries and un-
dergoes infiltration by the nickel-based
alloy from the drop (Fig. 4c, Fig. 5 and
Table 2, spectrum 8) to a depth of 200-
300 um. The difference between the present
and initial alloys is in the fact that the

720

former contains aluminium from AIB,.
Moreover, the grains of chromium car-
boborides, typical for self-fluxing alloys,
are formed in the drop (Fig. 5b and Table 2,
spectrum 6) [21].

A substantial number of inclusions with
a complex composition based on aluminium
oxide are present in the interfacial zone
(Fig. 4g, Fig. 5a and Table 2, spectrum 2).
Most probably, these inclusions are not as-
sociated with contact interaction processes
but are by-products of the synthesis of alu-
minium dodecaboride [14] mainly, prepara-
tion of substrate samples (hot pressing).
The presence of the inclusions of a similar
chemical composition in the AlB4, substrate
(Fig. ba and Table 2, spectrum 5) confirms
their external origin.

Functional materials, 27, 4, 2020
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Fig. 5. Structure and phase composition of the transition zone of the AIB;,—NiCrBSiC system:

a) x5600; b) x800.

Table 2. Chemical and phase compositions of the transition zone formed during the contact

interaction of the NiCrBSiC alloy and AlIB,,

Spec- Chemical composition, at. % Phase
trum composition
B Al 0 Ni Si Cr C N Fe, Ca, Mg, Ti,
1 96.33 | 3.49 | 0.00 | 0.07 |0.00| 0.00 | 0.00 0.00 0.11 AIB,
2 9.18 |29.03| 51.55 | 0.09 |0.00 | 0.00 5.21 4.52 0.42 Al,O0,—BNC
3 7.25 | 8.72 | 0.00 | 81.62 |1.46 | 0.09 | 0.86 0.00 0.00 NiBSiC-Al
4 91.61 | 6.74 | 0.00 | 0.00 | 0.01 | 0.03 1.61 0.00 0.00 AIB,,
5 6.15 |30.18| 53.43 | 0.02 |0.03 | 0.00 5.11 4.92 0.16 Al,O0,—BNC
6 60.15 | 0.10 | 0.00 | 0.75 | 0.00 | 30.08 | 7.35 0.00 1.57 CrB,C

4. Conclusions

The wetting behaviour and interfacial in-
teractions between the liquid NiCrBSIiC self-
fluxing alloy and AlB4, ceramics have been
studied by the sessile drop method in the
temperature range from 1723 to 1823 K.

The results showed that the spreading of
the NiCrBSiC alloy over the AIB;, ceramic
substrate with the formation of contact an-
gles 6 = 70—80 deg occurs in the tempera-
ture range 1723-1773 K, which substan-
tially exceeds the melting point of the alloy
(1273-1323 K). Subsequent holding at
1823 K does not lead to the traditional
spreading of the melted drop on the AIB;,
surface. The Ni-based drop gradually de-
creases in size and takes on its final shape
after 10 min exposure at 1823 K. The final
contact angles in the AIB;,—NiCrBSiC system
are equal to 6 = 35-40 deg, but, in this
case, an active chemical interaction between
the alloy and aluminium dodecaboride oc-
curs. The AIB, substrate dissolves and is
infiltrated with an alloy based on Ni, and B
and Al diffuse from the substrate into the
drop. The active chemical interaction and
high values of the contact angle indicate the
poor wetting of the AIB;, ceramics by the
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NiCrBSiC alloy. Thus, the production of
composite powder materials of the AIBjo—
NiCrBSiC system by the using the technol-
ogy of liquid-phase sintering is inappropriate.
In the present case, conglomeration with the
use of organic binders with subsequent dry-
ing can be more suitable [22, 23].
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